(12) INTERNATIONAL APPLICATION PUBLISHED UNBER THE PATENT COOPERATION TREATY (PC I ) 


(19) World Intellectual Property Organization 

Tutemaiiotial Bureau 

(43) International Publication Date 
22 April 2010 (22.04.2010) 



PCT 


llllllillllllilllllli 

(10) Internatioaal Publication Number 

wo 2010/044758 Al 


(51) International Patent Classification: 

A6JF 2/28 (2006.0 1) A6iL 27/58 (2006.01) 

(21) Fiitcmational Appljcatfou Number: 


PCT/SG2O09/00O3S4 


(22) International Filing Date: 


(25) Filing Language: 

(26) Publication Language: 


19 October 2009 (19 J0.2009) 

Eiigiisii 


(30) Priority Data: 
61/106,347 


17 October 2008 (17.10.2008) 


English 


US 


(71) Applicants (for all designated States except US): NA- 
TIONAL UNIVERSITY OF SINGAPORE [SG/SG]; 
21 Lower Kent Ridge Road, Singapore 1 19077 (SG). 0>S- 
TEOPORE INTERNATIONAL PTE LTD [SG/SGji 
10, Science Pai'k Road, the Alpiia #02-28, Singapore 
1 17684 (SG) OSTEOPORE KOREA CO. LTD 
[KR/KR]; #501 Yongpyoimg Building, 426-142, 
Gurobon-dong, Guro-go, Seoul (KR). 

(72) Inventors; and 

(75) Inventors/ Applicants (for US only): TEOH, Swee Hin 
[SG/SG]; National University of Singapore, Faculty of 
Engineering/J.^epartment of Meclianigal Engnieering, 2 1 
Lower Kent Ridge Road, Singapore 119077 (SG). 
SONG, Hae-Ryong IKR/KR]; Osteopore Korea Co. Lid, 
#501 Yongpyoung Building, 426-142, Gurobon-dong, 
Guro'go, Seoul (Kli). YEW, Soi Khoon [SG/SG]; Osteo- 
pore International Pte Ltd, 10^ Science Park Road, the Al- 
pha ^02-28, Singapore 1 17684 (SG). KOH, Kelvin Hong 
Yap I SG/SG]; Block 319, Serangoon Ave. 2, #09-356, 
Sing^ipore 550319, Singapore II 7684 (SG). BAE, Jl 


Hoon (Kl^KR]; Osteopore Korea Co. Ltd, U50\ Yongpy- 
oung Building, 426-142, Gurobon-dotig, Guro-go, Seoul 
(KR). WANG, Joon Ho [KIVKR]; Osteopore Korea Co. 
Ltd, Yongpyoung Building, 426-142, Gurobon- 

dong* Guro-go, Seoul (KR), 

(74) j^ent: AIMICA LAW LLC; 30 Raffles Place, #18-03-04 
Clievron House » Singapore 048622 (SG). 

(81) Designated States (unless otherwise indicated, for eveiy 
kind of national protection available): AE, AG, AL, A]>4, 
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, 
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO, 
DZ, EC, EE, EG, ES, PI, GB, GD, GE, OH, GM, GT, 
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, 
KR, KZ, LA, LC, LK, LR, LS. LT, LU, LY, MA, MD, 
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, 
MO, KZ, OM, PE, PG, PlI, PL, PT, RO, RS, RU, SC, SD, 
SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR. TT, 
TZ, UA, UO, US, UZ, VC, VN, ZA, ZM, ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARlPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM. AZ, BY, KG, KZ, MD, RU, TJ, 
TM), Europe^iD (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, Fl, FR, GB, GR, HR, HU, IE, IS, TV, LT, LU, LV, 
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK. SM, 
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, ON, GQ, GW, 
ML, MR, NE, SN, ID, TG), 

Published: 

— with international search report (Art. 21(3)) 


(54) Title: RESORBABLE SCAFFOLDS FOR BONE REPAER AND LONG BONE TISSUE ENGINEEmNG 


Fi€, IB 


QO 


o 



(57) Abstract: Bioresorbable scaffolds for bone engineering, such m repail' of bone defects, p^uticiiUirjy long bone defects, or aug- 
mentation of bone length are described. Scaffolds are porous and comprise multiple side channels. In one embodiment, scaffolds 
are niade li'om layers of micro -filament meshes comprising polycaprolactone (PCL) or a PCL- composite sequentially laid in in- 
cremental 60 degi'ees of rotation to produce a 0/60/1 20 degree layering pattern^ providing for the fonnation of intercoimcctt?d 
pores. The scatTold can comprise a central charuael filled, packed or inlliseci with suitable agents such as bioactive agents. Fiirther- 
moroj the scatTolds are stiff but yet fracture resistiuil and with suflicient bending, compressive and torsjional strength suitable for 
bone engijiieering. Tlie slow degradation of the scaffold is sufficient for the 3D matrix to maintain structure integrity and mechani- 
cal properties during the remodelhng process. 
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RESORBABLE SCAPFOLDS FOR BONE REPAIR AND LONG BONE TISSUE 

ENGINEERING 

RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional Application No. 
5 61/106,347, filed on October 17, 2008. 

The entire teachings of the above application are incorporated herein by 

reference. 

BACKGROUND OF THE INVENTION 

Bone repair and reconstruction is an important clinical problem. It is estimated 

10 in United States alone, the number of bone repair procedures is more than 800,000 per 
year. The traditional biological methods include autografting and allografting of 
cancellous bone {also known as trabecular bone or spongy bone), applying vascularized 
grafts of the fibula and iliac crest, and using other bone transport techniques. 

Today, bone grafting is increasing and the failure rate is high. In patients who 

1 5 receive various bone grafts, a failure rate ranging from 1 6% to 50% is reported. The 

failure rate of autografts is at the lower end of this range, but the need for a second (i.e., 
donor) site of surgery, limited supply, inadequate size and shape, and the morbidity 
associated with the donor site are all major issues. Furthermore, the new bone volume 
maintenance can be problematic due to unpredictable bone resorption. In large defects, 

20 fee body can resorb the grafts before osteogenesis is complete. 

The operating time required for harvesting autografts is expensive and often the 
donor tissue is scarce. There can be significant donor site morbidity associated with 
infection, pain, and hematoma. Allograftuig introduces the risk of disease and/or 
infection; it may cause a lessening or complete loss of the bone inductive factors. 

25 Vascularized gfafts require a major microsurgical operative procedure requiring a 
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sophisticated infrastructure. Distraction osteogenesis techniques are often iaborious and 
lengthy processes that are reserved for the most motivated patients. 

Tissue engineering osseous tissue by using cells in combination with a synthetic 
extracellular matrix is a new approach compared to the transplantation of harvested 
5 tissues. Numerous tissue-engineering concepts have been proposed to address the need 
for new bone graft substitxites. One potentially successftil repair solution seeks to 
mimic the success of autografts by removing cells from the patient by biopsy and then 
growing sufficient quantities of mineralized tissue in vitro on implantable, 3D scaffolds 
for use as fimctionally equivalent autogenous bone tissue. In this way, rq>rodiicing the 

10 intrinsic properties of autogenous bone material a-eates an ideal bony regeneration 
enviromnent, which includes tlie following characteristics: (i) a highly porous, 3D 
architecture allowing osteoblast, osteoprogenitor cell migration and graft 
revascularization; (ii) the ability to be incorporated into the suixounding host bone and 
to continue the normal bone remodeling processes; and (iii) the delivery of bone- 

15 fonning cells and osteogenic growth factors to accelerate healing and differentiation of 
local osteoprogenitor cells. 

Naturally-derived or synthetic materials are fashioned into scaffolds that, when 
implanted in the body as temporary structures, provide a template tlaat allows the body's 
own cells to grow and forni new tissues while the scaffold is gradually absorbed, 

20 Conventional two-dimensional scaffolds are satisfactory for multiplying cells, but are 

less satisfactory when it comes to generating functional tissues. For that reason, a three- 
dimensional (3D) bioresorbable scaffold system is prefeixed for the generation and 
maintenance of highly differentiated tissues. Ideally, the scaffold should have the 
following characteristics: (i) be highly porous with an interconnected pore network for 

25 cell growth and flow transport of nutrients and metabolic waste: (ii) be biocompatible 
and bioresorbable, with controllable degradation and resoiption rates so as to 
substantially match tissue replacement; (iii) have suitable surface chemistry for cell 
attachment, proliferation and differentiation; (iv) have enough channels to promote 
vascular integration and (v) have mechanical properties to match those of the tissues at 

30 tire site of implantation. In vivo, the scaffold structure should protept the inside of the 
pore network proliferating cells aad their extracellular matrix from being mechanicaily 
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overloaded for a sufficient period of time. This is particularly important for load- 
bearing tissues such as bone and cartilage. A biomechanically stable scaffold with 
mechano-induction properties is therefore sought after. 

Porosity and pore sizes play a critical role in bone formation iii vivo situations. 
5 Higher porosity and pore size has shown to result in greater bone ingrowth however the 
mechanical properties are diminished in such instances. Present limitations thus set an 
upper fiinction limit for pore size and porosity. Repair of bone tissue, rate of 
remodeling is thus compromised. 

The repair and reconstruction of large bone defects such as in the lengthening of 

10 the lower limb, has been a clinical challenge as such. This problem has yet to be 
solved. Presently none of the approaches proposed thus far have shown long term 
efficacy that resembles the natural bone. The era of tissue engineering involving sterns 
cells and a suitable scaffold could provide the answer. However, a suitable scaffold has 
yet to be designed, Ceramics scaffolds such as macro porous hydroxyapatite (HA) (R. 

15 Quarto et al, 2001) have been tried with some clinical success. But ceraiTiics are brittle 
material and the scaffolds are prone to prematui^e fracture. In many cases HA ceramics 
are crystalline in nature and hence do not render it resorbable even after 6 years. 
Bioresorbable polymeric scaffolds have been used but none has been designed for long 
bone tissue applications, Tliose polymers with liigh glass transition temperature such as 

20 PGA and PLA are also brittle and some degrade too fast, hence are unable to evoke the 
long tenn mechano -induction required for proper bone remodeling process. The large 
volume of acid formation, as a by product of degradation, of those with too short a 
degradation time, also hinders the proper cell fomiation and growth of tlie bone. The 
other issue is thai large scaffolds of this nature do not have enough channels to provide 

25 the rich vasculature of blood vessels for drainage of waste products as well as delivery 
of nutrients over die entire volume. Scaffolds with high porosity also do not have 
enough mechanical stability to be used for structural bone tissue engineering of the long 
bones, 

SUMMARY OF THE INVENTION 
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The present invention describes a method of fabrication and the design of a 
porous (having interconnected pores) tubular scaffold that has a central channel and 
multiple side channels that is stiff but yet fracture resistant and with- sufficient bending, 
compressive and torsional strength. The design which has a central chaiuiel to -allow tlie 
5 packing or infusion of agents, such as cells, tissues, ceil- or tissue-derived agents, 
growtli factors, drugs and combinations thereof and side channels along the 
circumference of the scaffold stmcture to allow the communication of blood vessels. In 
one embodiment, the scaffold structure is made up of two portions (e.g,, regions, or 
layers) comprising, consisting essentially of, or consisting of: an inner porous portion 

10 having a central channel with micro-channels along the plane surface, which provide, 
e.g., the primary site for osteogenesis and also provide compressive strength; and an 
outer porous portion wrapped around the inner portion, the outer portion having micro- 
chamiels along the axis (e.g., parallel, perpendicular, or a combination thereof, to the 
axis) of the central column, which provide for, e.g., cell proliferation, vascular 

15 integration as well as torsional and bending strength. 

In one embodiment, the inner portion and the outer portion of the scaffold 
implant are manufactured separately by extrusion layer by layer of porous bioresorbable 
polymer or polymer composite. In one embodiment, a porous bioresorbable polymer or 
polymer composite is polycaprolactone (PCL) or PCL-ceramic composite mesh. A 

20 scaffold with fixed pattern designs iS prepared. The scaffold is made from layers of 
micro-filament meshes. Tlie micro-filaments in tlie meshes are in a parallel, or 
essentially parallel foimation, Furthemiore, the micro-filamente are spaced apart, such 
that the farther apart the micro-filaments are, the larger the pores in the scaffold will be 
fon-ned, and vice versa, the closer the micro-filaments are spaced, the smaller the 

25 scaffold pores will be. Each micro-filament mesh is laid in layers, one on top of the 

other, such that each layer is laid with the micro-filaments at a different angle from the 
previous layer. This provides for the formation of interconnected pores. For example, 
the layers can be sequentially laid in incremental 60 degrees of rotation to produce a 
0/60/120 layering pattern (such that the micro«filaments resemble an equilateral triangle 

30 when viewed in a plan view). Alternatively, the layers are sequentially laid in 
• incremental 90 degrees of rotation. The layering pattern allows tlie fonnation of 
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interconnected pores. The micro-filament mesh layers are adhered together to form the 
inner core structure. 

In a jEurther embodiment, the outer portion is rolled or wrapped around the inner 
portion. In one ei-nbodiment, the outer portion micro-filament mesh is the same porous 
5 bioresorbable polymer or polymer composite as used in the inner portion. The outer 
portion is j.oined to the inner portion, e,g„ using heat fusion and hydrostatic pressure to 
form the scaffold implant. The thiclaiess of the inner portion and the outer portion of 
the implant can be varied depending on the requirement of mechanical strength and cell 
proliferation rates. Furthermore, the size of the pores can adjusted be to control 
1 0 vascularization or new blood vessel growth and formation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing will be apparent from the following more particular description of 
example embodiments of the invention, as illustrated in tlie accompanying drawings. 
The drawings ai'e not necessarily to scale, emphasis instead being placed upon 
1 5 illustrating embodiments of the present invention, 

FIG. 1 A is a drawing illustrating a close-up top view of a scaffold with a 
layered pattern, and showing the inner and outer portions of tlie scaffold. 

FIG, IB is a drawing illustrating a close-up isometric view of a scaffold with a 
layered pattern, and showing the inner and outer portions of the scaffold. 
20 FIG. 2 is a drawing illustrating an isometric side view of a scaffold with a 

layered pattern, and showing the inner and outer portions of the scaffold- 

FIG. 3 is a drawing illustrating an isometric side view of a scaffold with a 
layered pattern and smaller side channels (also referred to herein as micro through- 
holes). 

25 FIG, 4A is a photograph depicting the inner portion and outer portion of the 

scaffold before joining together. The outer portion is secured or joined to the inner 
portion using standard techniques, e.g., sintering, heat fusion with hydrostatic pressure. 

FIG. 4B is a^photograph depicting the iimer portion and outer portion of the 
scaffold after joining together to form the scaffold. 
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FIG. 5 A is a micro-CT image of aii isometric view of the internal structure of a 
PCL-TCP 3D scaffold. 

FIG. 5B is a micro-CT image of a top view demonstrating through porosity of 
the internal structure of a PCL-TCP 3D scaffold. 
5 fig; ' 6A is a photograph of a rabbit ulna after 1 6 weeks following implant of 

Group I (GP I: scaffold only). 

FIG. 6B is a photograph of a rabbit ulna after 16 weeks following implant of 
Group 11 (GP II: scaffold + platelet rich plasma (PRP))* 

FIG. 6C is a photograph of a rabbit ulna after 16 weeks following implant of 
10 Group III (GP III: scaffold + platelet rich plasma (PRP) + mesenchymal stem cells 
(MSG)). 

FIG. 7 is an X-ray of the lateral view of tlie ulna after 12 weeks following 
implantation of each GP I, GP II, or GP III scaffolds. Complete union of the bone with 
the scaffolds is demonstrated for each scaffold tested 
15 FIG. 8 is a micro-CT image of bone formation after 16 weeks following 

implantation of each GP I, GP II, or GP III scaffolds. 

FIG, 9 is a graph charting a quantitative comparison of bone volume fraction of 
GP I, GP II, and GP III scaffolds at 12 weeks and 16 weeks as determined by micro-CT 
analysis. 

20 FIG. 10 is a graph charting bone mineral density of GP I, GP II, and GP III 

scaffolds samples at 12 weeks and 16 weeks as determined by PIXImus densitometer. 

FIG. 11 is a series of hematoxylin and eosin (H&E) stained GP I, GP II, and GP 
III scaffolds samples at 16 weeks after implantation. Shown are H&E stained samples 
at x50 (left) and xlOO (right) magnifications, 

25 DETAILED DESCRIPTION OF THE INVENTION 

The repair and reconstmction of large bofte defects such as in the lengthening of 
the lower limb, has been a clinical challenge. Bone defects can occur as a result of 
congenital abnonnalities, trauma or disease, This^problem has yet to be solved. 
Presently none of the approaches proposed thus far have shown long tenn efficacy that . 

30 resembles the natural bone. The era of tissue engineering involving stems cells and a 
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suitable scaffold could provide the answer. However, a suitable scaffold has yet to be 
designed. Ceramics scaffolds such as macroporous hydroxyapaptite (HA) have been 
tried with some cliniGal success. But, ceramics are brittle material and the scaffolds are 
prone to premature fracture. Some, though bioactive, are not resorbable and pose long 
5 temi infection risk. In many cases HA ceramics are crystalline in nature and hence do 
not render it resorbable even after 6 years. 

Naturally-derived or synthetic materials can be fashioned into scaffolds that, 
when implanted in the body as temporary structures, provide a template that allows the 
body's own cells to grow and fonxi new tissues while the scaffold is gradually absorbed. 
1 0 Conventional two-dimensional scaffolds are satisfactory for multiplying cells, but are 
less satisfactory when it comes to generating functional tissues. For that reason, a three- 
dimensional (3D) bioresorbable scaffold system is preferred for the generation and 
maintenance of highly differentiated tissues. Ideally, the scaffold should have the 
following characteristics: (i) be highly porous with an interconnected pore network for 
1 5 cell growtli and flow transport of nutrients and metabolic waste; (ii) be biocompatible 
and bioresorbable, with controllable degradation and resorption rates so as to 
substantially match tissue replacement; (iii) have suitable surface chemistiy for cell 
attachment, proliferation and differentiation; (iv) have enough channels to promote 
vascular integration and (v) have mechanical properties to match those of the tissues at 
20 the site of implantation. In vivo, tlie scaffold structm-e should protect the inside of the 
pore network proliferating cells and their extracellular matrix from being mechanically 
overloaded for a sufficient period of time (e.g., as would be desired for load-bearing 
tissues such as bone and cartilage). A biomechanically stable scaffold with mechano- 
induction properties is therefore sought after. 
25 Bioresorbable polymeric scaffolds have been used but none have been designed 

for long bone tissue applications. Some of these polymers with high glass transition 
temperature, e.g., PGA (poly glycolic acid) and PLA (poly lactic acid), are also brittle 
and some degrade too fast, hence unable to evoke the long term mechano induction 
required for proper bone remodeling process. The large volume of acid formation, as a 
30 by product of degradation, of those with too short a degradation time, also hinders the 
proper cell formation and growtli of the bone. The other issue is that large scaffolds of 
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this nature do not have enough channels to provide the rich vasculature of blood vessels 
for drainage of waste products as well as delivery of nutrients over the entire volume. 

Porosity and pore sizes play a critical role in bone fonnation in in vivo 
situations. Higher porosity and pore size has shown to result in greater bone ingrowth, 
5 however the mechanical properties are diminished in such instances. Present limitations 
thus set an upper function limit for pore size, and porosity. Repair of bone tissue and 
rate of remodeling is thus compromised. 

The present invention describes a method of fabrication and the design of a 
porous (having interconnected pores) scaffold that has a central channel and multiple 

1 0 side channels that is stiff but yet fracture resistant and with sufficient bending, 

compressive and torsional strength. The slow degradation of the scaffold allows for the 
3D matrix to maintain structural integrity and mechanical properties during the 
remodeling process. Artificial or synthetic scaffolds as described herein are particularly 
useful in bone regeneration. For example, for use in orthopedic oral maxillofacial 

15 surgery to replace or repair a bone defect. In addition, the scaffolds described herein 
are ideal for long bone tissue engineering. For example, to augment the length of a 
bone in the upper and lower exti^emities of the human body. 

The design which has a central channel to allow the packing or infusion of 
agentSj such as cells, bone marrow, growth factors, drugs and combinations thereof 

20 The circumference or outer portion of the scaffold is fabricated from a mesh of porous 
bioresorbable polymer or polymer composite. The outer portion is sufficiently porous 
to allow the communication of blood vessels (e.g., growth and expansion of blood 
vessels). The scaffold can be any suitable shape. In general, the suitable shape is any 
shape compatible for tlie particular bone structure being remodeled as will be 

25 appreciated by the skilled person, e.g., tubular, cylindrical, conical, truncated-cone, a 
pentahedron, a truncated-pentahedron, an elliptical or oval shaped column, or a 
combination thereof. 

Bioresorbable polymers, both natural and synthetic, and which are 
biocompatible are well icnown in the art and include, but are not limited to, polylactides, 

30 polygiycolides, polycaprolactones, polyanliydrides, polyamides, poI>airethanes, 
polyesteramides, polyorthoesters, polydioxanones, polyacetals, polyketals. 
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polycarbonates, polyorthocarbonates, polyphosphazenes, polyhydroxybutyrates, 
polyhydroxyvalerates, polyaUcylene oxalates, polyalkylene succinates, poly(malic acid), 
poly(amino acids), polyvinylpyrrolidone, polyethylene glycol, polyhydroxycellulose, 
chitin, chitosan, poiy(L-lactic acid), poiy(kctide-co-glycolide), poly(hydroxybutyrate- 
5 co-valerate), and copolymers, terpplymers, or combinations or mixtures of the above 
materials. Suitable bioresorbable polymers can be chosen by the person slcilied in the 
art using standard techniques and based on the mechanical and degradation properties of 
the polymer such that the polymer is chosen for its compatibility with bone remodeling. 
In one embodiment, the bioresorbable polynaer or polymer composite comprises, 
1 0 consists, or consists essentially of polycaprolactone (PCL) or PCL-ceramic composite 
mesh. 

In one embodiment, the scaffold is made from layers of micro-filament meshes, 
wherein the microfilaments are a bioresorbable polymer or polymer composite. The 
micro-filaments in tlae meshes are in a parallel, or essentially parallel formation. 

15 Furthermore, the micro-filaments are spaced apart, such as at least, or about 200 

microns to at least, or about 800 microns apart. By spacing the micro-filaments, the 
porosity of the scaffold can be controlled. For example, micro-filaments that are more 
widely spaced result in a scaffold with larger pores, and vice versa, micro-filaments that 
are closely spaced result in a scaffold with smaller pores. In one embodiment, the 

20 micro-filaments in the mesh are spaced at least, or about 200 microns, 250 microns, 300 
microns, 350 microns, 400 microns, 450 microns, 500 microns, 550 microns, 600 
microns, 650 microns, 700 microns, 750 microns, or 800 microns apart. 

Each micro-filament mesh is laid in layers, one on top of the other, such that 
each layer is laid with tlae micro-filaments at a different angle from the previous layer. 

25 For example, the layers can be laid in incremental degrees ranging fi-om about zero 

degrees to at least, or about 90 degrees. In one embodiment, the layers are sequentially 
laid in at least, or about 60 degrees of incremental rotation to produce a 0/60/120 
layering pattern (such that the inicro-filaments resemble an equilateral triangle when 
viewed in a. plan view), Aiteniatively, the layers are sequentially laid in at least, or 

30 about 90 degrees of inpremental rotation. The layering pattern allows the formation of 
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interconnected poises. Other rotation patterns of layering can be used as will be 
recognized by persons skilled in the art to achieve suitable porosity characteristics. 

The micro-filament mesh layers are adhered together to fonn the inner core 
structure. Any suitable means as known in the art using standard techniques can be 
5 used, e,g., sintering, or heat from the extruded fibers and cooling, hi one embodiment, 
the layers of micro-filament meshes are adhered together by subjecting the layers of the 
scaffold to a hydrostatic pressure chamber (e.g., from at least, or about 0.01 atmosphere, 
0.05 atmosphere, 0.1 atmosphere, 1 atmosphere, 2 atmosphere, 4 atmosphere, 6 
atmosphere, 8 atmosphere, 10 atmospheres) at a temperature just below the melting 

10 point of the polymer (for example in the case of PCL it is at least, or about 55-60^C) for 
a period of time (for example from at least, or about 30 to 45 min) to allow proper 
sintering of each layer. 

The outer portion is rolled around, or wrapped around, the inner portion. In one 
embodiment, the outer portion is rolled around, or wrapped ai'ound, the circumference 

1 5 of tiie inner portion at least two or more times. In a particular embodiment, the outer 
portion is wrapped around the inner portion at least 2, 3, 4, or 5 times. In another 
embodiment, the outer portion micro-filament mesh is the same porous bioresorbable 
polymer or pol>TTxer composite as used in the inner portion. In another embodiment, the 
outer portion micro- filament mesh is different from the porous bioresorbable polymer 

20 or polymer composite as used in the inner portion. The outer portion is joined or 

adhered to the inner portion. For example, in one embodiment, the outer portion and 
inner portion of the scaffold are adhered together using heat fusion (e.g., at least, or 
about 90^C to at least, or about 120^C) and hydrostatic pressure to form the scaffold 
implant. 

25 Tlie thickness of the irmer portion and the outer portion of the implant can be 

varied depending on the requirement of mechanical strength and cell proliferation rates- 
For example, the timer portion of tlie scaffold can have a radial thickness of at least, or 
about 3 mm, to at least, or about 12 mm, or more', and the outer portion of the scaffold 
can have a radial thickness of at least, or about L5 mm to at least, or about 2.5 mm, or 

30 more. In one embodiment, the inner portion of the scaffold has.a radial thickness of at- 
leastj or about 3 mm, 4 nim, 5 mm, 6 mm, 7 mm, 8 mm, 9 xnxn, 10 mm, 1 1 mm, 12 mm, 
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or more. In another embodiment, the outer portion of the scaffold has a radial thickness 
of at least, or about 1.5 mm, 1.6 mm, 1.7 mm, 1.8 mm, 1.9 mm, 2.0 mm, 2.1 mm, 2.2 
mm, 2.3 mm, 2.4 ram, 2.5 mm, or more. 

In one embodiment, the scafFold is sufficiently porous to allow, for example, 

5 seeding and growth of cells. For example, the size of the pores can adjusted be to 

control the rate of vascularization. In one embodiment, the pores are at least, or about 
40 irni to at least, or about 300 in diameter. In a particular embodiment, the pore 
size is at least, or about 40 imi, 50 jum, 60 jxm, 70 pm, 80 pm, 90 iim, 100 [mi, 120 ^xm, 
140 M-ra, 160 [am, 180 [xm, 200 |xm, 220 urn, 240 ^im, 260 [xm, 280 pm, or 300 \im. The 

10 porosity of the scaffold can be varied according to the needs. In one embodiment, the 
porosity of the scaffold is at least, or about 60% to at least, or about 80%. In a 
particular embodiment, the scaffold porosity is at least, or about, 60%, 65%, 70%, 75%, 
or 80%. 

Additionaliy, the scaffoid can be prepared with particular mechanical strengths. 

1 5 For example, in one embodiment, the scaffold has a compressive modulus value of at 
least, or about 200 MPa to at least, or about 500 MPa, or more. In a particular 
embodiment, the scaffold has a compressive modulus value of at least, or about 200 
MPa, 250 MPa, 300 MPa, 350 MPa, 400 MPa, 450 MPa, 500 MPa, or more. In a 
particular embodiment, the outer portion of the scaffold has a compressive modulus 

20 value of at least, or about 200 MPa to at least, or about 500 MPa, or more, hi one 

embodiment, the outer portion of the scaffold has a compressive modulus value of at 
least, or about 200 MPa, 250 MPa, 300 MPa, 350 MPa, 400 MPa, 450 MPa, 500 MPa, 


or more. 


In anotlier embodiment, the scaffold has a compressive strength of at least, or 
25 about 5.0 MPa to at least, or about 50 MPa, or more. In a particular embodiment, 

scaffold has a compressive strength of at least, or about 5.0 MPa, 10 MPa, 15 MPa, 20 
MPa, 25 MPa, 30 MP, 35 MPa, 40 MP, 45 MPa, 50MPa, or more. In another 
embodiment, the outer portion of the scaffold has a compressive strength of at least, or 
about S.OMPa to at least, or about SOMPa, or more, hi a particular- embodiment, the 
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outer portion of the scaffold has a compressive strengtli of at least, or about S.OMPa, 
lOMPa, 15MPa, 20MP, 25MPa, 30MP, 35MPA, 40MP, 45MPa, 50MPa, or more. 

In another embodiment, the scaffold has a torsional strength of at least, or about 
40 Nm, to at least, or about 360 Nm, or more. In one embodiment, the scaffold has a 
torsional strength of at least, or about 40 Nm, 80 Nm, 1 20 Nm, 1 60 Nm, 200 Nm, 240 
Nm, 280 Nm, 320 Nm, 360 Nm, or more. In a particular embodiment, the inner portion 
of the scaffold has a torsional strength of at least, or about 40 Nm, 80 Nm, 120 Nm, 160 
Nm, 200 Nm, 240 Nm, 280 Nm, 320 Nm, 360 Nm, or more. 

In a further embodiment, the scaffold has a bending strength of at least, or about 
50Nm to at least, or about 600 Nm, or more. In a particular embodiment, the inner 
portion of the scaffold has a bending strength of at least, or about 50 Nm, 100 Nm, 150 
Nm, 200 Nm, 250 Nm, 300 Nm, 350 Nm, 400 Nm, 450 Nm, 500 Nm, 550 Nm, 600 
Nm, or more. 

The inner portion of the scaffold can further comprise a central channel having a 
diameter suitable for allow the packing or infusion of agents, such as cells, tissues, cell- 
or tissue-derived agents, growth factors, drugs and combinations thereof The central 
channel has a diameter of any suitable size for the purposes being used. It can be 
detentiined from the bone remodeling or replacement procedure being used and will be 
specific to the individual patient needs, as determined by an appropriately skilled 
physician or technician. In one embodiment, the central channel has a diameter of at 
least, or about 5 mm to at least, or about 25 mm. In a particular embodiment, the 
central channel has a diameter at least, or about 5 mm, 1 0 mm, 15 rmrt, 20 mm, or 25 
mm. The central channel can be filled, packed, infused, adsorbed witli, and/or absorbed 
with, suitable agents. Such agents can be, e.g., a bioactive agent, or an inert agent, and 
combinations thereof Inert agents can be any suitable agent, e.g., carrier, excipient, 
sterilizing solution, labeling solution, and the like. 

Bioactive agents are also known in the art. For example, bone marrow, platelet- 
rich plasma, stem cells (e.g., mesenchymal stem cells), osteoblasts, osteoclasts, bone 
morphogenic proteins (BMP), vascular endothelial growth factors (VEGF), connective 
tissue growtli factors (CTGF), osteoprotegerin, growth differentiation factors (GDFs), 
cartilage-derived morphogenic proteins (CDMPs), LIM mineralization proteins (LMPs), 
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transforming growth factor beta (TGFp), antibiotics, immunosuppressive agents, and 

combinations thereof. 

Examples of bone morphogenic proteins (BMP) include; BMP-1; BMP-2; BMP- 
3;'BMP-4; BMP-5; BMP-6; BMP-7; BMP-8; BMP-9; BMP-10; BMP^U; BMP- 12; 
5 BMP-t3; BMP-15; BMP-16; BMP-17; and BMP-'iS, Vascular endothelial growth 
factors (VEGE) include VEGF-A, VEGF-B, VEGF-C, VEGF^D and VEGF^E. 
Connective tissue growth factors (CTGF) include CTGF-l, CTGF-2, and CTGF^4. 
GroAvth differentiation factors (GDFs) include GDF-1, GDF-2, GDF-3, GDF-7, GDF- 
10, GDF-ll, and GDF-IS. Cartilage- derived moi-phogenic proteins (CDMPs ) include 
10 CDMP-1 and CDMP-2, LIM mineralization proteins (LMPs) include LMF-l , LMP-2, 
and LMP-3. Transforming growth factor beta (TGFp) include TGFp-1 , TGFp»2, and 
TGFP-3. 

Examples of antibiotics useful with the biocompatible composite material 
include, but are not limited to, amoxicillin, beta-lactamases, aminoglycosides, beta- 

15 lactam (glycopeptide), clindamycin, chloramphenicol, cephalosporins, ciprofloxacin, 
erythromycin, fluoroquinolones, macrolides, metronidazole, penicillins, quinolones, 
rapamycin, rifampin, streptomycin, sulfonamide, tetracyclines, trimetlioprim, 
trimethoprim-sulfamethoxazole, and vancomycin. 

Suitable immunosuppressive agents that can be included in the biocompatible 

20 composite material, include but are not limited to, steroids, cyclosporine, cyclosporine 
analogs, cyclophosphamide, methylprednisone, prednisone, azathioprine, FK-506, 15- 
deoxysperguaiin, and other immunosuppressive agents that act by suppressing the 
function of responding T cells. Other immunosuppressive agents include, but are not 
limited to, prednisolone, methotrexate, thalidomide, methoxsalen, rapamycin, 

25 leflunomide, mizoribine (bredinin™), brequinar, deoxyspergualin, and azaspirane (SKF 
105685), Oithoclone OKT™ 3 (muromonab-CD3) Sandimmune™, Neora.'^^, 
Sangdya™ (cyclosporine), Prograf™ (FK506, tacrolimus), Cellcept™ (mycophenolate 
motefil, of which the active metabolite is mycophenohc acid), hnuran™ (azathioprine), 
glucocorticosteroids, adrenocortical steroids such as Deltasone'^^, (prednisone) and 
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Hydeltrasol™ (prednisolone), Folex™ and Mexate™ (methotrexate), Oxsoralen- 
Ultra™ (methoxsalen) and Rapamuen™ (siroHmus). 

Additional, or alternative non-limiting examples of agents include collagen, 
drugs, antibodies, peptides, peptidomimetics, oligonucleotides, chemical entities, 
5 growth factors, and mixtures thereof 

As will appreciated by those in the art, bioactive agents can be polypeptides, 
including full length polypeptides, biologically active fragments thereof, and fusion 
proteins, small molecules, and cells expressing such bioactive agents. Furthermore, the 
concentrations of the bioactive agent can be variable based on the desired length or 

10 degree of activity i-equired. In one embodiixient, the central channel is filled, packed, 
infused, adsorbed with, and/or absorbed with a combination of platelet-rich plasma and 
mesenchymal stem celJs, 

The scaffold can flirther comprise side channels (also referred to herein as micro 
tlirough-holes) in the scaffold. Such side channels allow the communication of blood 

1 5 vessels, for example. The side channels can be randomly or uniformly spaced. In one 
embodiment, the side channels are uniformly spaced. Spacing can be any spacing 
suitable to meet the needs of the scaffold. For example, the side channels are spaced at 
least, or about 250 microns to at least, or about 700 microns apait, or more. In one 
embodiment, the side chamiels are spaced at least, or about 250 microns, 300 microns, 

20 350 microns, 400 microns, 450 microns, 500 microns, 550 microns, 600 microns, 650 
microns, 700 microns, or more apart. The diameter of the side channels can vary. In 
one embodiment, the diameter of the side channels ai^e at least, or about 50 microns to at 
least, or about 700 microns. In a paiticular embodiment, the diameter of the side 
channels are at least, or about 50 microns, 100 microns, 150 microns, 200 microns, 250 

25 microns, 300 microns, 350 microns, 400 microns, 450 microns, 500 microns, 550 
microns, 600 microns, 650 microns, or 700 microns. 

As will be appreciated by the skilled artisan, the scaffold generally has two ends. 
The ends can be open-ended, closed ended, or open-ended at one end and closed ended 
at the other end. One or both ends of the scaffolds can be closedby addition of one or 

30 more layers of niicro-filament mesh. The micro-filament can be the same or different - 
as the micro-filament mesh of the inner and/or outer portion of the->scaffold. 
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The scaffolds described herein are particularly useful in bone regeneration to 
repair or replace a bone defect, e.g., in orthopedic oral maxillofacial surgery. In 
addition, the scalEfolds described herein are ideal for long bone tissue engineering. For 
example, to augment the length of a bone in the upper and lower extremities of the 
5 human body. In one embodiment, a scaffold as described herein is implanted into a 
patient in need of bone regeneration or long bone tissue engineering. The scaffold can 
be implanted with or without additional bioactive and/or inert agents. Furthermore, the 
scaffolds can be cultured in vitro with cells isolated firom a donor, such as a patient, 
before implantmg the scaffold into a patient. Such "pre-culturing" of the scaffold 
1 0 initiates mineralization of the implant and promotes cellular proliferation and 
integration of the scaffold when implanted into the patient. 

EXEMPLIFICATION 

Bone regeneration using PCL-TCP scaffolds with human bone MSG and 
PRP in rabbit ulna 

15 SCAFFOLD PREPARATION 

Polycaprolactone-tricalcium phosphate (PCL-TCP)(80:20%) composite 
scaffolds, manufactured by Osteopore International Pte Ltd, Singapore (for exainple, as 
illustrated in FIGS. lA, IB and FIG. 2), were sterilized by ethylene oxide gas at low 
temperature (below 40°C) (Osteopore International). As will be appreciated by the 

20 skilled artisan, scaffolds can be sterilized in any suitable manner using standard 
techniquesincluding treatment with alcohol. Scaffolds were prepared by fused 
deposition modeling extrusion, hi one example, liie scaffolds have a height of 
approximately 10 mm and a diameter of approximately 4 mm having a layering pattern 
of 0/60/120 degrees(see FIGS. 5A and 5B where the outer sleeve was removed to show 

25 the micro architecture). The size of the pores is this particular example 500 fxm. The 

modulus strength of these scaffolds may be between 5 -50 MPa and preferably as in this 
example around 23 MPa, the compressive strength of these scaffolds may be between 4- 
1 0 MPa and preferably an in this example around 6.38 MPa 
PREPARATION OF PLATELET-RICH PLASMA 
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Platelet-rich plasma was prepared froiTi whole blood samples from rabbits. 
Arterial blood was collected from the aorta of New Zealand white rabbit (male, 6-weeks 
of age) under anesthesia. 50 ml of blood was first centrifoged at 2000 rpm for 3 min at 
room temperature to separate both the platelet rich plasma (PRP) and platelet poor 
5 plasma (PPP) portions from tlie red blood cell fraction. Then, the FRF aiid PPP 
portions were again centriftiged at 5000 rpm for 5 miji to separate the PRP (5 ml). 

CULTURE OF HUMAN CORD BLOOD MESENCHYMAL STEM CELLS 

Human cord blood mesenchymal stem cells (MSC) were purchased from 
Medipost Co., Ltd. and cultured in alpha Modified Eagle's Medium (a-MEM, GmCO 
10 BRL) supplemented with 20% fetal bovine serum(FBS, GIBCO BRL) and antibiotic- 
antimycotic (GIBCO BRL). Medium was changed three times per week and cultured 
for three passages (P3) until confluence (~7 days). 

ANIMALS 

1 5 New Zealand White rabbits, 6 weeks old were used. The rabbits were 
15 anesthetized with zoletile 50 (0.2ml/lcg, Virvac Korea). Under sterile conditions, the 
ulna was exposed and a 10 mm segmental critical size defect CaCh was made using a 
cutting saw. Scaffold was then implanted into the ulna and closure of wound was 
performed. Three groups were designed: Group 1-PCL-TCP scaffold only; Group 2- 
PCL-TCP scaffold with PRP; and Group 3-PCL-TCP scaffold with PRP and MSC. 
20 PRP/PCL-TCP scaffold were prepared by mixing of PRP 300 ul and thrombin- 

CaCia mixture solution 50 ml. The thrombin-CaCla mixed scaffolds were seeded by 
direct mixing and loading with 3x10^ human cord blood mesenchymal stem cells. 
EVALUATION 

Evaluation methods were as follows. 
25 2D radiography: Antero-Posterior (AP) and lateral radiographs using X-Ray 

analysis were performed at time points 4 weeks, 8 weeks, 1 2 weeks and 1 6 weeks. 

3D micro CT evaluation: Skyscan 1072, voltage 80kVP and current of lOOtxA. 
Trabecular thickness, trabecular separation and BVF (bone volume fraction) were 
calculated at 12 week and .16 week time points. 
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Bone Mineral Density (BMD) evaluation: Lunar PIXImus. Using a scanning 
machine, regions of interest of the tissue specimen taken at 12 week and 16 week time 
points were divided into squares of O.OScra^ area. 

Histological evaluation: At 1 2 week and 1 6 week time points: 1 . Thin sections 
5 were cut from paraffin embedded tissue. 2. Histolo'gical sections were stained with 
hematoxylin (Sigma Aidrich Harris Hematoxylin Modified, HHS128-4L) and Eosin 
(Sigma Aidrich Eosin Y solution, HTl 1 021 28-4L) using standard procedures. 3 . 
DeparafHnation of paraffin embedded tissue was accomplished by treatxtient with 
xylene for 5 minutes for 3 times, followed by dehydration in graded alcohols (100%, 
10 95%, 90%, 80%, 70%) 3 times each and rinsed in water for 1 minute. 

Results 

GROSS EXAMINATION 

All rabbits healed uneventfully. Gross examination (FIG. 7) of explanted 
scaffolds revealed that the scaffolds were fully integrated into the suiTOunding host 
15 tissue and the ulna region was recontoured. 

2D radiography (X-Ray analysis) showed that all specimens had complete union 
by week 12 (see FIG. 7). An average of amount of new bone formation in each group 
is shown in Table 1 below: 


20 


Table 1 Bone fontiation in each group 


Time 

Gp I: 
Scaffold only 

Gp 11: 

Scaffold+PRP 

Gp III: 
Scaffold+PRP+MSC 

4 weeks 

50% 

46.60% 

80% 

8 weeks 

75% 

75% 

100% ' 

12 weeks 

100% 

100% 

100% 

1 6 weeks 

100% 

100% 

100% 


25 


3D MICRO CT EVALUATION 

The trabecular thickness (see Table 2) and trabecular separation (see Table 3) 
were calculated. Group Ill is slightly thicker and a less separated trabecular pattern as 
compared to Group I; but generally within statistical accuracy, it can be seen from the 
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two tables the results are indicative of a well developed trabecular bone structures in all 
three groups. 

Table 2 Trabecular Thickness Distribution at i 6 wks 


Trabecular Thickness 

Gp I (%) 

Gp II(%) 

Gp ni (%) 

>0.000 mm - 0.043 mm 

6.9 

4.8 

1.5 

>0.043 mm - 0.085 mm 

8.2 

5.8 

2.8 

>0.085 mm - 0.171 mm 

15.9 

13 

7.1 

>0.171 mm - 0.341 mm 

37.3 

37.8 

25.4 

>0.341 mm - 0.682 mm 

31 

38.7 

53.9 

>0.682 mm - 1.364 mm 

0.6 

0 

9.3 

> 1.364 mm - 2.729 mm 

0 

0 

0 

>2.729 mm - 5.458 mm 

0 

0 

0 


Table 3 Trabecular Separation Distribution at 16 wks 


Trabecular Separation 

Gp I (%) 

GpII(%) 

Gp III (%) 

>0.000 mm - 0.043 mm 

1.5 

1.6 

3.9 

>0.043 mm - 0-085 mm 

2.4 

2.7 

6.2 

>0.085 mm - 0.171 ram 

6.4 

8.2 

12.8 

>0.171 mm - 0.341 mm 

21.9 

23.4 

28.1 

>0.341 mm - 0.682 mm 

41.7 

49.2 

47.1 

>0.682 mm - 1.364 mm 

26.1 

15 

1.8 

>1.364 mm - 2,729 mm 

0 

0 

0 

>2.729 mm - 5.458 mm 

0 

0 

0 


BONE VOLUME FRACTION 

FIG. 8 shows a typical micro-CT images of bone formation for the three groups 
10 at week 16, Complete union can be seen in all groups, GP III appears to give the best 
results in teiTOS of bone quality. 

Bone volume fraction was defined as area of new bone formation divided by 
area of total bone defect. Group III demonstrates better new bone fon-nation as 
compared to the two groups with in increase from week 12 to Week 16 while the other 
15 2 gi"Oups showed a slight decline (Table 4 and FKj. 9). 


Time 


Table 4 Average of bone volume fraction of each gi'oup 
— r " 


Group I 


Group II 


Group III 
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12 weeks 

36% 

30% 

47% 1 

16 weeks 

24% 

29% 

59% 1 


BONE MINERAL DENSITY EVALUATION 

The average bone mineral density is shown in Table 5 for each gronp. At week 
12, Group I exliibited a lower value when compared to Group 11 and Group III. 
However at week 1 6, Group III gave the best results. This is seen more clearly in FIG. 
10. 


Table 5 average of bone mineral density of each group(g/cm^) 


Time 

Gp I 

Gp II 

Gv III ! 

12 weeks 

0.19 

0.19 

0.22 

16 weeks 

0.18 

0,22 



HISTOLOGICAL EVALUATION 

At 12 and 16weeks, H&E staining of the bone specimen in gi-oups were 
evaluated. In all groups, we observed an abundance of new osteoid tissue inside the 
scaffold at 12 and 16 weeks. New bone formation was more evident in the 
MSC/PRP/PCL-TCP scaffolds (GP III) (FIG. 1 1). 

CONCLUSIONS 

Bone regeneration using the scaffold impiant with and without human cord 
blood MSG (Mesenchymal Stem Cells) and PRP (Platelet Rich Plasma) was 
demonstrated in a rabbit ulna segmental defect model. In this study, a 10mm critical 
sized defect was created in a rabbit ulna and the scaffold implant was then implanted. 
Histological evaluation. Micro CT evaluation, Bone Mineral Density evaluation was 
performed. The results of this 3 month study has demonstrated new bone fomnation in 
the rabbit ulna defect model, Tlie implant was fully integrated into the surrounding host 
tissue and the ulna region was recontoured demonstrating good biocompatibility. The 
scaffolds were also compatible with PRP and MSG. The incorporation of MSC seems- 
to give the best results. The scaffolds all fused, formed new bone and were also strong 
enough to provide sufficient mechanical strength for tlie rabbit. The scaffold is ideal for 
long bone tissue engineering. 
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The teachings of all patents, published applications and references cited herein 
are incorporated by reference in their entirety. 

While this invention has been particularly shown and described with refereiices 
to example embodiments thereof, it will be understood by those skilled in the art that 
5 various changes in fonn and details maybe made therein without departing from the 
scope of the invention encompassed by the appended claims. 
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CLAIMS 

What is claimed is: 

1 . A bioresorbable scaffold for bone tissue engineering comprising an inner 
portion and an outer portion, wherein: 

5 a) the inner portion comprises a porous nucro filament polymer having 

interconnected pores, wherein the inner portion is fonned from layers of 
microfilament meshes joined together, each microfilament mesh having 
microfilament polymer threads in a series of spaced, parallel lines, and wherein 
each layer of microfilament mesh is positioned on the previous layer at an angle 
10 of at least, or at least, or about 60 degi-ees relative to the microfilament polymer 

threads in the previous layer, thereby producing an imier portion comprising a 
porous microfilament polymer having interconnected pores, and 
b) the outer portion comprises a bioresorbable microfilament mesh. 

2. The bioresorbable scaffold of claim 1, wherein the inner portion further 
15 comprises a centra! channeL 

3. The bioresorbable scaffold of claim 2, wherein the central channel further 
comprises a bioactive agent, an inert agent, or a combination thereof, 

4. The bioresorbable scaffold of claim 3, wherein the bioactive agent is bone 
marrow, platelet-rich plasma, mesenchymal stem cells, osteoblasts, osteoclasts, 

20 a bone moiphogenic protein (BMP), a vascular endotheUal growth factor 

(VEGF), a connective tissue growth factor (CTGF), osteoprotegerin, a growth 
differentiation factor (GDFs), a cartilage-derived morphogenic protein 
(CDMPs), a LIM mineralization protein (LMPs), transforming gi^owth factor 
beta (TGFp), an antibiotic, an immunosuppressive agent, or a combination 

25 thereof 
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5. The bioresorbable scaffold of claim 1 , wherein the inner portion, the outer 
portion, or both the inner portion and outer portion of the scaffold comprises 
polycapro lactone (PCL) or a PCL-ceramic composite mesh, 

6. TKe bioresorbable scaffold of claim 1, wherein the scaffold has a compressive 
5 strength of at least, or about 5.0MPa to at least, or about 50MPa. 

7, The bioresorbable scaffold of claim 1 , wherein the scaffold has a compressive 
modulus of at least, or about 200MPa to at least, or about 500MPa, 

8, The bioresorbable scaffold of claim 1 , wherein the scaffold has a porosity of 
at least, or about 60% to at least, or about 80%. 

10 9. The bioresorbable scaffold of claim 1, wherein the outer portion of the 
scaffold has a radial thickness of at least, or about L5 mm to at least, or 
about 2 mm, and the inner portion of the scaffold has a radial thickness of at 
least, or about 5 mm to at least, or about 10 mm, 

10. A method of preparing a bioresorbable scaffold, comprising: 
1 5 a) layering bioresorbable microfilament meshes in sequential layers, 

wherein each microfilament mesh comprises microfilament threads lined in a 
spaced, paralloi arrangement, and wherein each layer is positioned onto the 
previous layer at an angle of at least, or about 60 degrees relative to the 
microfilament threads in the previous layer; 
20 b) joining the layered microfilament meshes thereby forming a scaffold 

inner poi-tion; and 

c) joining an outer layer of bioresorbable microfilament mesh around the 
inner portion^, 

thereby producing a bioresorbable sc'affold. 

25 1 L The method of claim 1 0, wherein the bioresorbable microfilament mesh of the 
scaffold inner portion and outer layer" are each independently selected from 
polyoaprolactone (PCL), PCL-ceramic, and a cornbination thereof. 
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i 2. The method of claim 1 0, wherein the layered microfilament meshes are joined 
together by sintering. 

13. The method of claim 1 0, wherein the inner portion sad outer layer are joined 
together by sintering. 

14. The method of claim 10, wherein the scaffold has a compressive strength of at 
least, or about 5MPa to at least, or about SOMPa, and a compressive modulus 
of at least, or about 200MPa to at least, or about SOOMPa. 

15. The method of claim 10, wherein the scaffold has a porosity of at least, or about 
60% to at least, or about 80%. 

16. The metliod of claim 1 0, wherein the scaffold further comprises side channels 
through the inner and outer portions of the scaffold. 

1 7. The method of claim 1 6, wherein the diameter of the side channels is at least, or 
about 50 microns to at least, or about 700 microns. 
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FIG. 3 
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FIG- 4A 
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FIG, 5B 
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FIG- 7 


SUBSTITUTE SHEET (RULE 26) 


wo 2010/044758 


9/11 


PCT/SG2009/000384 



FIG. 8 
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